Fatty infiltration of the liver may be produced experimentally in animals by various means, including dietary restriction of proteins, of choline or choline precursors, or of vitamins, as well as the use of hepatotoxins (1). The lesions produced may progress to a pathologic picture resembling that of cirrhosis in human beings. Although it is not universally agreed that the pathogenesis of human cirrhosis is similar to that in animals, many investigators have felt that fatty infiltration represents an intermediate phase, which, while reversible, may also progress to cirrhosis.
It has been noted in experimental animals that methionine and choline have a lipotropic action, preventing the deposition of fat in the liver as well as enhancing its removal (2). This effect is thought to result from an increase in the formation and the turnover of phospholipides (3) . Indeed, in experimental animals with fatty infiltration of the liver induced by diet, it has been shown by the use of radiophosphorus that choline or methionine will cause an increase in the phospholipide turnover in the liver (4, 5) .
In human beings the therapeutic value of choline and methionine in the treatment of certain forms of chronic hepatitis, with or without the presence of fatty infiltration of the liver, is open to question (6) . Numerous observers have noted a reduction in liver size and both clinical and laboratory evidence of improvement which they felt could be attributed directly to the use of choline or methionine (7) . Others have been unwilling to ascribe any specific benefit to these substances (8) .
Since the phospholipide turnover in the liver is probably reflected by the amounts of newly formed phospholipides in the plasma, the use of radioactive phosphorus appears to offer for the first time an objective method of evaluating the effects of the lipotropic agents in the treatment of certain forms of liver diseases. We have reported previously on the validity of the technical method, and have calculated the radioactivity and the specific activity of the plasma lipides in a few persons with liver disease (9) . In two of these patients the effects of a single large dose of choline chloride or methionine (dl) (10 Gm.) were studied, and an apparent deficiency of lipotropic substances was demonstrated in human beings for the first time. This study has been extended to include a larger series of patients (10) .
The preceding paper reported a study of normal phospholipide turnover in well persons on an average adequate diet. This study demonstrated the failure of a large single dose of choline or methionine to affect the turnover in normal individuals.
METHOD AND PLAN OF STUDY
The methods and plan of study were similar to those previously described for normal individuals (10) . De- terminations have been made on the inorganic fraction of the plasma so that the isotopic concentration in the lipide fraction can be expressed as a function of the specific activity of the inorganic phosphorus ("relative specific activity").
A total of 20 patients-16 men and four women-, all having clinical and laboratory evidence of portal cirrhosis, were studied.
The experiments were carried out in an attempt to answer the following questions: Was there any demonstrable change in the phospholipide turnover following 542 therapy when the patients were clinically improved? Did the administration of a large single dose of choline or methionine (10 Gm.) have any demonstrable effect on the phospholipide turnover before treatment and when the condition was acute? Was the effect of the large dose, if present, persistent after treatment and clinical improvement?
Repeated experiments with the injection of radioactive phosphorus were made in the same individuals before and after treatment with lipotropic agents. In several of these patients, treated and untreated, the effect of a single large dose ("test dose") of lipotropic material was also studied, and the results were compared with those obtained in normal persons (10) .
Since it was noted previously that the plasma phospholipide phosphorus varies widely between normal individuals, but is relatively constant over a period of months in the same individual, each patient was used as his own control and was restudied, when possible, at two-month intervals.
The treatment given during this study included a 3,500 calorie diet, containing 120 to 140 Gm. of protein, 130 to 150 Gm. of fat, and 350 to 400 Gm. of carbohydrate.
When edema and ascites were present, the salt intake was restricted, but water was allowed ab libitum. After preliminary diagnostic study, all patients received maintenance doses of synthetic B complex vitamins and 3 Gm. of methionine or choline chloride (or its equivalent as choline dihydrogen citrate) per day. Five hundred to 1,000 cc. of 5 per cent dextrose in distilled water were administered intravenously each day. One cc. of crude liver extract was given intramuscularly three times weekly. Plasma and blood were not used. Paracentesis was done only if diuretics failed to give relief, or when the accumulation of fluid produced respiratory difficulty or inability to eat. Laboratory studies were performed at monthly intervals to estimate the response to treatment. These included urinalysis and the following routine studies of the blood: determinations of the hemoglobin content, red and white blood cell counts and differential counts; bromsulfalein, hippuric acid, and galactose tolerance tests; and determinations of the icterus index, prothrombin time, total serum proteins, and albumin and globulin fractions. Serial aspiration biopsies of the liver were also performed. t Specific activity is the ratio of the radioactivity (in r.r.u.) to the phosphorus (in mg.) in the extracts. I Relative specific activity of plasma phospholipides is the ratio of the specific activity of the phospholipides to the inorganic phosphate.
Single large dose of lipotropic agent (choline or methionine) given with the injection of Pa.
MATERIAL
Group 1: Phospholipide turnover measured before and after treatment (Table I and Figure 1) Eight patients were studied in this group. There were seven men and one woman, ranging in age from 43 to 60 years, with an average age of 49 years. Seven of the eight patients gave a history of alcoholism. Six had ascites; five had large livers; three were jaundiced. All were considered moderately to severely ill. Biopsies were done before treatment in three instances.
In five patients the phospholipide turnover following an injection of radioactive phosphorus was studied before and after a two-month interval of treatment. Three additional patients, on whom no studies were done before treatment, were studied after a two-month period of treatment.
Three patients were studied a third time after a second two-month period of therapy. This time two patients received a "test dose" of choline simultaneously with the injection of radiophosphorus. 1 Received some methionine before the choline was administered.
Group 2: Phospholipide turnover studied before and during treatment wcith a large "test dose" of methionine or choline (Table 1I and  Figure 2) Eight consecutive patients with portal cirrhosis (Group 2) who received an initial large "test dose" of a lipotropic agent before treatment and after two to four months of a therapeutic regimen which included the daily administration of 3 Gm. of methionine. Before treatment the "test dose" increased the rate of phospholipide turnover.
Eight patients who were studied before and after treatment received a large dose of a lipotropic substance with both injections of radioactive phosphorus. Seven received choline and one received methionine. There were six men and two woman in this group. The ages ranged from 30 to 52, with an average age of 39. All had enlarged livers; five were jaundiced, and five had ascites. Biopsies were done on six patients. Six gave a history of alcoholism.
Group 3: Phospholipide turnover studied before treatment for the effect of a large "test dose" of methionine or choline (Table III) The phospholipide turnover after a large "test dose" of lipotropic substance was studied before treatment in four patients in whom no follow-up determinations have yet been obtained. This group consisted of three men and one woman, ranging in age from 28 to 58 years, with an average age of 50 years. Three patients were jaundiced; two had ascites, and three had enlargement of the liver. There was a history of alcoholism in three. Biopsies were done in all four cases.
RESULTS
Group 1: Phospholipide turnover measured before and after treatment
Lipide phosphorus
It will be seen from the data ( Table I. stantially unchanged 24 hours after the administration of a single large "test dose" of choline or methionine. The eight patients in Group 2 were restudied after a two-month period of treatment, again receiving a single large dose of choline or methionine; approximately the same lipide phosphorus levels were found. In seven of the eight patients in Group 2, the radioactivity and specific activity of the plasma lipides following a "test dose" of methionine or choline were considerably higher before treatment than the corresponding values found in the same patient after an interval of treatment even when a large "test dose" of lipotropic substance was again given. Table III shows the data obtained in four untreated patients who received a single large "test dose" of a lipotropic agent, but in whom repeated determinations could not be made (Group 3). Because of the variability of the phospholipide turnover, even in normal individuals (9) , no definite conclusions can be drawn from these data. However, in three of these four patients the specific activities of the lipide phosphorus at the 24th hour were in the same range as those obtained after the administration of an initial large dose of choline to the patients in Group 2.
Inorganic phosphorus
In each of the eight patients in Group 2, the radioactivity and specific activity values of this fraction following a "test dose" of a lipotropic agent were the same before and after prolonged therapy with methionine.
Relative specific activity of lipide phosphorus
In four out of the eight patients in Group 2, the relative specific activity values of plasma phospholipides following the administration of a "test dose" of methionine or choline were considerably higher before treatment than the corresponding values found in the same patient after a period of treatment. In one patient (N.H.H.) the inorganic fraction was not analyzed and the relative specific activity could not be calculated. In patient R.W. both the specific activity and the relative specific activity remained unchanged after treatment. In the remaining two patients (J.H. and C.F.), although there was a definite decrease in the specific activity values after treatment, this decrease becomes less significant if the values are expressed as relative specific activity. In the case of J.H., the small degree of stimulation by the initial dose of choline may be partly explained by the fact that the patient had received some methionine previously before the initial "test dose" of choline was administered.
Urine phosphorus (Tables I-III) In the urine collected during a three-hour period (21-24 hours after the injection of radiophosphorus), the specific activity of the phosphate varied widely between different individuals. However, in nine patients in whom repeated determinations were made (Tables I and II) the ratio of the specific activity of the urine to the plasma phosphate was rather constant over the period of study. In almost all cases this ratio was greater than 1. It appears from our data that the specific activity of the plasma inorganic phosphorus does not reach a plateau at the 24th hour, since the values at the 48th hour are definitely lower. Accordingly, the specific activity of the inorganic phosphorus in the urine collected for a three-hour period preceding the 24th hour should correspond to the average specific activity of the plasma phosphate during this period. The ratio between the urine phosphate and the plasma phosphate should vary proportionately to the slope of the descending curve of the inorganic phosphate, unless there is some impairment in the renal excretion of phosphate. The finding of a ratio less than 1 in three normal persons (10) and in two of the present series is more difficult to explain. Similar observations, however, have been made in animals during the first few hours after the introduction of radioactive phosphorus. Govaerts suggests that the finding may be due to the presence in plasma of a phosphorus-containing fraction which is only slowly metabolized, but which is included in the value obtained with the common methods for determining inorganic phosphorus (11) .
DISCUSSION
The concepts regarding the etiology of hepatic cirrhosis have undergone considerable change in the past decade, and the prognosis for such patients -even those having jaundice, ascites, and laboratory evidence of markedly impaired liver function -has greatly improved. Indeed, it is felt by some investigators that in less advanced cases of cirrhosis the liver may be almost completely reverted to normal (12, 13) . When pathologic changes have progressed to marked fibrosis, it is difficult to believe that any resolution of fibrous tissue itself occurs. On the other hand, it does appear that many patients have considerable associated fatty infiltration, which in itself produces profound intracellular metabolic disturbances and probably stimulates fibroblastic activity. It is in such patients that one might expect an excellent response to treatment, with satisfactory cellular repair, regeneration, and restoration of physiologic cellular compensation.
Studies in animals and human beings have definitely proven the advantage of a diet high in protein for the treatment of cirrhosis. It seems at present that more than one effect is obtained from the protein, which acts as a precursor for lipotropic substances and also specifically causes regeneration of liver parenchyma. In addition a detoxifying effect has also been claimed-as, for example, in instances of carbon tetrachloride poisoning (14) .
It has been the practice of many clinicians to supplement the high-protein diet with substances known to have a lipotropic effect in animalsnamely, choline and methionine. The clinical efficacy of these substances in human patients, however, remains to be proved.
In experimental animals with fatty livers induced by diet, it has been shown by using radioactive phosphorus as an indicator that the administration of choline (3) or methionine (4) increases the phospholipide synthesis in the liver. Since the plasma phospholipides are derived almost entirely from the liver (15), it would appear than an increase in the turnover of plasma phospholipides would indicate an increased synthesis by the liver. Indeed, in dogs maintained on a diet low in protein and high in fat, an increase in the plasma phospholipide turnover has been demonstrated following the administration of choline (16).
Group 1: Phospholipide turnover studied before and after treatment The concentration of radiophosphorus in the plasma lipides of cirrhotic patients was determined before and after a two-month period of treatment and compared with those values found two months later after a second injection of radiophosphorus. Because of the wide variations between individuals, both normal and cirrhotic, it was necessary to use each patient as his own control (9, 10) .2
In most of our patients the specific activity of the inorganic phosphorus and the radioactivity and specific activity of the lipides remained rather constant in the same individual, even after several months of treatment with methionine (3 Gm. per day). Only in patient A.K.O. was there an increase in the radioactivity and specific activity of the lipide phosphorus following treatment. A similar increase was found in patient E.S. after the administration of an additional large dose of choline; however, the significance of this finding is questionable, since it probably was due to a marked increase in the specific activity of the inorganic phosphate. Of two other patients in whom a large dose of choline was given after four months of treatment, only one (R.N.O.) showed an increase in the relative specific activity following treatment. All other values were unchanged.
In general it may be stated that two or more months of treatment, including 3 Gm. of methionine per day, produced no consistent change in the rate of phospholipide turnover in the plasma, even when the patients showed considerable clinical and laboratory evidence of improvement, and that the transfer of liver phospholipide to plasma occurred at a relatively constant rate for the individual, even in the presence of severe liver damage. Groups 2 and 3: Phospholipide turnover studied before and during the regular treatment regime after an initial large "test dose" of methionine or choline In experimental animals with fatty infiltration of the liver induced by diet, single massive doses of choline or methionine have a marked stimulatory effect on the conversion of inorganic phosphate to plasma phospholipides. In animals on diets adequate in choline, or its precursors, the effect is not as apparent (4) . It was felt that any stimulating action of these lipotropic substances in human patients would be detectable only by the 2This same variability had been noted by Balfour in a study which included nine normal persons and 21 patients with various diseases, including three untreated cases of cirrhosis (17) .
administration of a large dose of choline or methionine before treatment, when the disorder was acute. Accordingly, a total of 12 patients who had had no previous treatment were studied following the administration of a large single "test dose" of choline or methionine. After the patients were treated for two months with methionine and a high-protein diet, the phospholipide turnover in eight patients was studied again after the administration of a second "test dose" of lipotropic material. It will be seen from Table II that, for seven out of these eight patients, the initial radioactivity and specific activity values of the plasma phospholipides were considerably higher than the corresponding values obtained following treatment.
It would seem, therefore, that in these seven patients the initial large dose of methionine or choline actually produced a marked increase in phospholipide turnover. Such an increase could no longer be demonstrated following prolonged therapy with methionine or choline.
It has been generally assumed that the development of fatty livers in experimental animals is dependent upon a decrease in the rate at which choline-containing phospholipides are turned over in the body. The effect of a choline lack is possibly to retard the formation of choline-containing phospholipides; conversely, the administration of choline would correct the fatty infiltration by stimulating phospholipide turnover. However, in experimental animals the stimulating action of a large dose of choline is evident only when the supply of choline or its precursors is insufficient.
In our study the response which some patients showed to the administration of a single large initial dose of choline or methionine might be interpreted to indicate a relative deficiency in lipotropic agents. Therefore, one would not anticipate a similar response after an interval of adequate treatment.
In view of the relationship between the liver and the plasma phospholipides, the demonstrable increase in the phospholipide turnover and in the formation of new phospholipides produced by large initial doses of choline or methionine would appear to justify the use of these lipotropic agents in the treatment of certain forms of liver disease.
CONCLUSION
Studies of experimentally induced liver disease in animals have indicated that fatty infiltration often occurs early, and may represent an intermediate phase which, if untreated, can progress to extensive fibrosis, producing the clinical picture of portal cirrhosis. In such instances, lipotropic agents often appear to exert a beneficial effect, which has been attributed to a stimulatory action on the synthesis and turnover of phospholipides.
Our present study and previous experiments have indicated that the phospholipide synthesis as measured in the plasma of untreated cirrhotic patients after an injection of radiophosphorus, falls within the lower limits of the range found for normal persons. Following a-two-month interval of therapy no increase in the rate of synthesis can be detected, even when clinical improvement is pronounced and is associated with improvement in the conventional tests of liver function.
When eight untreated cirrhotic patients (all having large livers) were given an initial 10 Gm. dose of methionine or choline chloride, a significant increase in the plasma phospholipide synthesis was demonstrable in seven of the patients. This effect could not be demonstrated in the same patients after an interval of treatment.
Since the administration of a single large dose of choline to a normal person will not alter the phospholipide synthesis (10) , it would appear that the stimulating effect is evident only when the supply of choline or its precursors has been insufficient. Accordingly, the initial response of cirrhotic patients to a "test dose' of a lipotropic substance may be indicative of a relative insufficiency of choline or choline precursors in such persons. 
